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Introduction
We perform computational studies of carbon nanotubes (CNTs) using molecular 
dynamics simulations to examine the behavior of single-walled (SW) and multi-
walled (MW) CNTs under large compressive and bending strains.  We study the 
effects of defects, heating and chirality on their properties. Research on CNTs holds 
great promise for developing new advanced materials in applications ranging from 
high-strength composites to next-generation electronics. 
Why CNT?
A rope of carbon nanotubes would 
be strong enough to stretch from 
the ground to the space station.  
This would give us an “elevator” to 
space.(see picture at right)  CNTs 
can be mixed with concrete and 
plastic to greatly enhance the 
strength of those materials.
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(Left) Strain energy plotted against strain for a (15,15) SWCNT undergoing axial 
compression. (Right) Visualization of how the SWCNT undergoes transitions 
between buckles.   Labels correspond to features of the graph on the left.
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Strain energy (black curve) and its derivative(purple curve) are plotted against a constant 
rate of bending for a double-walled CNT composed of a (7,0) CNT within a (15,0) CNT. 
Inset A shows the CNT before bending; insets B and C show the CNT before and after 
the critical features in the graph.
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Why Simulations?
Molecular Dynamics (MD) simulates 
the actual inter-atomic forces in real 
physical CNTs. Computational results 
agree surprisingly well with observed 
results. MD simulations offer in-depth 
understanding of material behavior for 
design and control of experimental 
setup at a fraction of the cost.
Axial Compression on Single Walled Carbon Nanotube
Bending of Multi-Walled Carbon NanotubeChirality and Thickness
The characteristics of CNTs depend sensitively on how the graphene sheet is rolled. 
Thickness plays a crucial role in determining the properties. For instance, SWCNTs 
behave like a semiconductor or metal depending on their chirality. MWCNTs can be 
considered as rolled up multilayer graphene sheets; by nature, they are stronger 
than their SWCNT counterparts and are usually more stable and easier to produce.
Upper left: A transmission electron microscope  picture of a CNT.
Upper right: A CNT under similar bending load in a MD simulation.
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